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We study fluctuation electromagnetic interaction between small neutral rotating particle and 
polarizable surface. The attraction force, friction torque and heating are produced by the particle 
polarization and fluctuating near-field of the surface. Closed analytical expressions are found for 
these quantities assuming that the particle and surface are characterized by the frequency 
dependent polarizability and dielectric permittivity and different temperatures. It is shown that 
the stopping time of the rolling particle in the near-field of the surface is much less than the 
stopping time under uniform motion and rolling in vacuum space. 
 
PACS numbers:42.50 WK;41.60.-m; 78.70.-g 
 
1. Introduction 
The near-field fluctuation electromagnetic interaction between a particle in uniform motion and 
the surface is the subject of continuing interest demonstrating a lot of new features relative to the 
simplest case of resting particle. In particular, the origin of noncontact friction between the 
bodies in relative motion has been debated for a long time [1] (see also recent works [2-5]). 
Quite recently Manjavacas and Abajo [6] considered the problem of friction torque acting on a 
particle rotating in vacuum. The friction torque is produced by fluctuations of the vacuum 
electromagnetic field and the particle polarization. A related instance is the friction and heating 
of the particle moving at a constant velocity in the vacuum background  [7, 8].  
     Rotation of the particle leads to the frequency shifts in fluctuating fields involving the rotation 
frequency . The attraction, friction and heating between rotating bodies will therefore be 
different in comparison with the static case. The aim of this paper is to examine the general 
problem of fluctuation electromagnetic interaction between the spherical rotating particle and the 
surface, using the standard formalism of fluctuating electrodynamics [9]. 
 
2. Theory 
The system under consideration is shown in Fig. 1, which consists of an isotropic particle at 
temperature 1T  placed in vacuum at a distance 0z  from the surface at temperature 2T . The 
particle rotates around its z  axis with the angular frequency   assuming to be a point-like 
fluctuating nonrelativistic dipole. In this case the following conditions are fulfilled ( 0 is the 
characteristic absorption frequency of the particle, ,, Bkc and   are the speed of light in vacuum, 
the Boltzmann and Planck’s constants) 
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Apart from the force of attraction to the surface zF  and the rate of heat exchange Q , the 
interaction produces frictional torque M  on the particle. All these quantities are calculated 
within a unified approach based on fluctuation electrodynamics that we have first proposed in 
[10] ( for a review see [11]; general relativistic results see in [2]). According to our method, we 
consider the contribution of all independent sources of electromagnetic fluctuations, namely 
spd and spE  in this case, where the former and latter quantities are the fluctuating dipole moment 
of the particle and fluctuating electromagnetic field of the surface. 
 
2.1 Frictional torque 
The torque is given by  
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where ... denotes total quantum-statistical averaging, the superscripts “sp” and “in” denote 
spontaneous and induced quantities taken in the resting coordinate system  ),,( zyx related to 
the surface. The contribution )1(zM is given by 
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we take Eq.(4) at the particle location point ),0,0( 00 zr . Inserting (3),(4) into (2) we then 
obtain 
   ),()(),()(exp
)2(22 002
2
)1( zEdzEdtikdddM inx
sp
y
in
y
sp
xz kk 


              (5) 
 
Using equation inin E , the components ),k( zin E are expressed  through the Fourier 
components of the induced potential of the surface [11] 
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where )(  is the dielectric permittivity of the surface and   2/122k yx kkk  . 
    The fluctuation-dissipation theorem (FDT) for the dipole operator spd is given in the rotating 
coordinate system ' of the particle  
1
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where 1T  and )(  are the particle temperature and polarizability in the coordinate system '  
( )(   is the corresponding imaginary component). In order to calculate the correlator in Eq. (5) 
using FDT (9), we must express the Fourier transforms of spd in    through the Fourier 
transforms of spd  in ' . Any vector quantity A in   is related to 'A  in '  by 
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Using (10), the Fourier components of  spd in Z are given by 
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where   is the angular rotation frequency of the system '  with respect to . The Fourier 
transforms of (11) are given by 
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where   . 
      Using FDT (9) and inserting Eqs. (6),(7),(12) in (5) yields 
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    Now we pass to the calculation of )2(zM  in Eq. (1) that is given by 
sp
x
in
y
sp
y
in
xz EdEdM )2(                                                                                                       (14) 
Substituting the frequency Fourier expansions of )(tind and spE in (14) yields    
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In the rotating system '  of the particle we obviously have the relationships    
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Since the induced components of ind are given by the equations quite analogous to (12), we 
obtain with allowance for (16) (for brevity, we omit the argument 0r  in what follows) 
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In addition, using Eq. (10) we express the components of spE in '  through the components of 
spE in  . The resulting formulas are given by 
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Substituting (18) in (17) yields 
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Using (15) with allowance for (19) we obtain 
 
   
 
 
) () () () (
)()(exp
222
)2(





sp
y
sp
y
sp
x
sp
x
z
EEEE
tiddiM
                                                              (20) 
  
Correlators for the electric –field fluctuations in Eq. (20) are expressed through the imaginary 
part of retarded Green’s function and in configuration under consideration  are given by [11] 
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where 2T  is the surface temperature. Equations (21)—(25) define the spectral density of the 
fluctuating electromagnetic field at the particle location point ),0,0( 00 zr . Substituting 
Eqs.(21)—(25) in (20) and making use simple transformations yields 
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Finally, the torque resulting from the sum of (13) and (26) reduces to 
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Transforming the integral limits in  Eq. (27) we obtain a more compact expression  
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In the limit 0  and TTT  21 , the dominating term of Eq. (28) which is linear in   takes 
the form 
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2.2 Attraction force and the rate of heat exchange  
 
The particle-surface attraction force and the rate of heat exchange can be calculated quite 
analogously to the calculation of zM . The starting expressions are given by 
 
   spinzinspzzF EdEd                                                                                                    (31)   
spininspQ EdEd                                                                                                                  (32) 
 
The resulting equations have the form 
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2.2 Evaluation of stopping times of nanoparticles  
 
First, it is interesting to compare the stopping time of small rolling particles with that at uniform 
motion with the constant velocity V parallel to the surface. Assuming the temperatures of the 
particle and surface to be T , the stopping force is given by [11] 
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Using (30), (35) and Newton’s second law, the corresponding stopping times (assuming that the 
velocity diminishes by e   times) are given by  30
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and R  are the particle mass and radius, and J is the frequency integral in (30) and (35). We also 
took into account the inertia moment of spherical particle which is equal to 5/2 2mR . Using the 
above expressions we obtain 
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1/  V  and the decay time at rolling is much shorter than at a uniform motion. 
     Second, it is interesting to compare   near the surface and in the vacuum background (at 
equal temperature T  of the particle and background radiation). In the latter case the friction 
torque is given by the formula [6] which can be written similar to (30) and (35)  
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Using (36), the stopping time is 32)(
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Eq. (36) . Hence it follows 
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we can conclude that 33)/(/ WBvac TkJJ    (with W  being the Wien frequency). 
Therefore, ignoring the numerical factor of 101  , we obtain 30)( )/(/ czWvac   . At room 
temperature and nmz 1000  , for example, 6)( 102/  vac . So, the stopping time for rolling 
in the near-field of the surface is much shorter than in vacuum irrespectively of material 
properties. For metallic particles, the dominating contribution in Eq. (36) results from the 
magnetic polarizability of the particle [6] , that can be higher by 21 orders of magnitude than 
the contribution of electric polarizability. But generally, the estimation 1/ )(  vac  proves to 
be valid in this case, as well.  
 
3. Conclusions 
Using the general background of fluctuation electromagnetic theory, we have obtained closed 
nonrelativistic expressions for the friction torque, attraction force and heating rate of a small 
spherical particle rotating in the near-field of the surface. The material properties of particle and 
surface are characterized by the frequency-dependent polarizability and dielectric permittivity. 
The temperatures of the particle and the surface are assumed to be arbitrary. It is worth noting 
that the anisotropy of the particle polarizability has no appreciable physical importance in this 
case and may only change the numerical factors in the quantities under study. Apparently, it is 
not difficult to generalize the obtained formulas in this case. 
    Assuming isothermal conditions, we have compared the stopping times of spherical particles 
corresponding to the rolling and uniform motion near a surface and those for rolling near the 
surface and in the vacuum background. In both of the cases (at room and lower temperatures) the 
stopping times for rolling in the near-field of the surface turns out to be smaller by several orders 
of magnitude than in vacuum and at a uniform motion near a surface. 
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       Fig. 1. Coordinate systems used and statement of the problem 
 
